The Persian fallow deer ( Dama mesopotamica )-one of the rarest deer species in the world-has been gradually reintroduced, using individuals from a captive-bred population, in northern Israel since September 1996 . As of October 2000 , >80animals were in the wild population. We studied seasonal and circadian attributes of deer home ranges to assess the success of the reintroduction in terms of behavioral adjustments to the wild. We used radiotelemetry to determine locations and analyzed home ranges with the adaptive kernel method. We defined 3 seasons: fawning (Mar-Jun), rut ( Jul-Oct), and winter (Nov-Feb). For females ( n = 16 ), rut home ranges were sig nificantly larger than winter home ranges ( 449 ± 45 ha [mean ± SE] vs. 384 ± 36 ha, P 1 , 15 = 0 . 013 ). During fawning, female home ranges were intermediate ( 424 ± 51 ha). Males ( n = 5 ) increased their home ranges in rut season ( 820 ± 162 ha [mean ± SE], P < 0 . 012 ) and shifted their locations toward the release point. In winter, males significantly decreased their home ranges ( 584±158ha, P <0 . 012 ), shifted their locations away from the release point, and almost no overlap of core areas was noticeable ( 1 . 8%overlap). In fawning (the time of antler casting and regrowth), males continued to shift away from the release point and decreased home ranges ( 358 ± 66 ha, P = 0 . 049 ) with almost no overlapping of core areas ( 0 . 06%overlap). No statistically significant differences were found between day home ranges (males [ n = 5 ]: 621 ±220 ha [mean ±SD], females [ n = 16 ]: 402 ±164 ) and night home ranges (males: 482 ±145 , females: 389±183 ), although day core areas tended to be larger (in all males and 12of 16females). All documented aspects of seasonality in female and male home ranges are in accordance with the annual reproduction cycle, and are related to seasonal food availability. These results, combined with previous works, suggest that so far, the reintroduced Persian fallow deer have adjusted well to living in the wild and that the chances of achieving a selfsustaining wild population are good. However, further research for extended period should verify these conclusions.
Reintroductions have become common procedure in wildlife conservation, but often have limited success (Sarrazin and Barbault 1996 ) . Several criteria have been offered for evaluating the success of a reintroduction: achieving a minimum viable population (Beck et al. 1994 ) , successful breeding of the first wild-born animal (Kleiman et al. 1991 ) , and a recruitment rate that is higher than adult death rate over 3years ( J. Craig and C. Reed [unpublished] cited in Cade and Temple 1995 ). All these criteria require longterm monitoring or direct observation. Over the short term and for species that inhabit densely vegetated areas and are not easily visible, postrelease monitoring must rely on remote techniques (e.g., radiotelemetry). Thus, other criteria must be used to evaluate reintroduction success based on how the reintroduced animals adapt to their new environment.
Reintroduction (as defined by the International Union for the Conservation of Nature and Natural Resources [IUCN] 1995 ), in contrast to translocation, is the release of captive-bred animals into parts of their former range. Because these animals are captive-bred and reared and are unfamiliar with the release area, their behavior in the wild (i.e., home-range establishment, space-use patterns, and responses to seasonal and habitat changes) is an important indicator of their adaptation to the new environment. Because most reintroduced species are rare or extinct in the wild, often no data exist regarding their "normal" behavior. However, the expected patterns of behavior can be derived from related species' behaviors that appear to be consistent within the taxon.
One important criterion in understanding the acclimation level of the reintroduced animals to life in the wild and the viability of the reintroduced population is their spatial adjustments as 1 Present address: Department of Psychology, University of Haifa, Haifa 31905 , Israel.
2 E-mail: aperelbe@study.haifa.ac.il expressed by different characteristics of their home ranges (Saltz et al. 2000 ) . Home range is defined as the area where an animal performs its normal activity, foraging for food, mating, and nursing of offspring (Otis and White 1999 ). The home range is an important component of an animal's fitness because it facilitates the animal's knowledge of the area, allowing efficient exploitation of resources and shelters, and finding mates (Sjöåsen 1997 ). Seasonal home ranges are especially important (Nugent 1994 ) because they indicate the animals' ability to adjust to a changing environment. In many deer species, home ranges are stable on an annual basis but change in response to changes in environmental conditions (e.g., seasons; Thirgood 1995 , Leeuwenberg et al. 1997 , Borokowski and Furubayashi 1998 ) , the animals' energetic status (e.g., lactation; Tufto et al. 1996 ) or reproduction cycle (e.g., rutting; Koubek and Hrabe 1996 ). Even when home ranges are not stable among years, clear seasonal components can be found in the size and location of deer home ranges (Nugent 1994 ).
We described the seasonal changes in the home ranges of captive-bred Persian fallow deer (see Randi et al. 2001for species designation) reintroduced into northern Israel. The species, previously abundant throughout western Asia, is currently endangered. In 1950 , the Persian fallow deer was considered extinct. However, in 1956 , a remnant population of approximately 24 individuals was discovered in Iran, from which a captive breeding-core was established in Europe (Chapman and Chapman 1997 ) . In 1976 , the Israel Nature Reserves Authority (currently Israel Nature and Parks Authority [INPA] ) established a breeding core of Persian fallow deer from 7 ( 2 M, 5 F) deer imported from Iran and Germany for future reintroduction (Saltz 1996 ) . In 1996 , the reintroduction project, managed by INPA, began in the upper west Galilee region, northern Israel. Bar-David ( 2002 ) estimated adult yearly survival for the reintroduced population to be around 95%, and conservatively estimated reproduction success to be 0 . 3fawns/female/year. Other than the reintroduced population, only 1 remnant wild population estimated at about 24 animals exists in the wild, in Iran (Karami and Heidemann 1994 ).
Due to the rarity of Persian fallow deer, no data exist on their behavior, social structure, or spaceuse patterns (Chapman and Chapman 1997 [ Odocoileus virginianus ] ) with similar ecological characteristics to assess how the reintroduced population has acclimated to the wild. We considered the existence of seasonal changes that agree with patterns found in other deer species as an indication of a successful adaptation to the wild.
STUDY AREA
We reintroduced Persian fallow deer in the 2 , 400 ha Nahal Kziv Nature Reserve, along the Kziv stream, in the upper west Galilee region, northern Israel. The reserve is well connected by natural areas to other protected regions. Our study area encompassed the range occupied by the deer, covering an area of about 220 km 2 , between 32°95′ -33°05′ N latitude and 35°08′ -35°19′ E longitude. The area is a gradual slope from the Mediterranean shore region eastward, toward the hilly upper Galilee. A few creeks cut through the hills from east to west. Except for the Kziv stream, most creeks are ephemeral, flowing only in the winter. Artificial water resources (e.g., pipe leaks, cattle troughs, agricultural watering) are scattered throughout the region. Several nature reserves, characterized mostly with Mediterranean vegetation, are scattered in the area. Dominant vegetation consists of open scrubland of Kermes oak ( Quercus calliprinos) and spiny broom ( Calycotome villosa ) shrubs; dense forest of Kermes oak, Bay laurel ( Laurus nobilis ), buckthorn (Rhamnus punctata ), mock privet ( Phillyrea latifolia ), and sarsaparilla ( Smilax aspera ); and riparian zones along streams dominated by Oriental planetrees ( Platanus orientalis ). The settlements in the area are agricultural villages (except for 1 city), and about 20%of the land is used for agricultural orchards (mostly apple and peach trees), fields, hen houses, and cattle sheds (Bar-David 2002 ).
METHODS

Reintroduction Process
The reintroduction is an ongoing project that began in September 1996 . It consists of biannual transfers and releases into the wild of approximately 12deer ( 6 M, 6 F) each time (Saltz 1998 ). We transferred Persian fallow deer from the breeding core to an 11 -ha habituation enclosure in Nahal Kziv Nature Reserve. Before transferring the deer to the enclosure, we deployed radiocollars on nearly all females ( 30 released, 27 collared) and adult males ( 37released, 7col -lared). After approximately 3months in the enclosure, we released the deer to the wild.
Radiotelemetry
We used radiocollars with mortality sensors (Telonics, Mesa, Arizona, USA). Females were equipped with a 0 . 5 -kg-unit ( 2 -3 yr life expectancy) and males with a 1 -kg-unit ( 5 yr life expectancy). We studied the space-use patterns by tracking radiomarked deer 2 -3 times per week, with "biologically independent" locations (i.e., ≥6 hr separation between consecutive locations of the same animal, as defined by Dolev et al. [ 2002 ] ), from September 1996until April 2000 . We conducted tracking with an automatic frequency scanning receiver and a directional hand-held 3 -element Yagi antenna. One person located animals by triangulating from 2known sites, measuring the bearing with a prismatic compass with 1°resolu -tion. To minimize the measuring error caused by animal movement, we defined an ad-hoc limit of minimum angle difference of 20°, and maximum time of 30min between 2bearings of the same animal (Kenward 1987 , Harris et al. 1990 , Schmutz and White 1990 , White and Garrot 1990 , Saltz 1994 . We assessed telemetry error in the manner described by White and Garrot ( 1990 ). We calculated 2parameters: error arc and triangulation location error (i.e., the distance from the true location of the transmitter to the measured location) by placing transmitters at random locations in the study area not known to the observer.
Home-range Estimates and Comparisons
We calculated the home ranges using the adaptive kernel method (Worton 1989 ). We defined the 95%isopleth of the utilization distribution as the animal's home range, the 50%isopleth as the "core area" (CA), and the 10% isopleth as the "center of gravity" (CG) in cases where we needed a point measure of the home range (Worton 1989 , Harris et al. 1990 , Seaman and Powell 1996 . We used the HOME RANGERsoftware (Hovey 1999 ), with 0 . 8 coefficient for the smoothing parameter (Worton 1995 ). To assess differences among seasonal home ranges, we evaluated home-range size and location (as measured from the release point, which was used as a reference point) for each season, and spatial overlap between successive seasons.
The rut of the Persian fallow deer begins in August and peaks by the end of this month or the beginning of September. Pregnancy duration is 229days on average, and parturition occurs between the end of March and mid-May. Females produce 1 fawn and can give birth every year (Saltz 1996 ) . We used the annual reproduction cycle as our guideline for defining seasons. We recognized 3 main seasons: fawning (Mar-Jun), rut ( Jul-Oct), and winter (Nov-Feb) . This definition takes into account the behavioral changes that appear prior to the beginning of the true season itself (such as the behavioral changes of the females before fawn ing, or of the males before entering the rut).
The adaptive kernel method is sensitive to sample size, and a small number of locations produce an inflated home range (Seaman and Powell 1996 ). Seaman et al. ( 1999 ) recommended using ≥30locations, and preferably ≥50 . Because we had <50 locations per season for several animals, we checked whether these limitations applied to our data. Applying lower limit without changing home-range assessment reliability allowed the inclusion of more animals in our analysis. We chose 6females with 50seasonal locations. For each animal, we generated a random sample of 20 , 25 , 30 , 35 , 40 , and 45 locations from the original 50locations. Every random sample size was repeated 10 times to generate a distribution, and then compared to the other samples.
Because most deer are active at night as well, home ranges based on daytime locations alone might cause a misleading description of homerange size and habitat use (Beyer and Haufler 1994 , Thirgood 1995 , Kernohan et al. 1996 . To test for differences between the day and night homerange size and location, we located 21deer ( 5 M, 16 F) during the day and night, from September 1999 until April 2000 . We obtained 24 -29 daytime and nighttime locations per individual during this period. Although sample size was smaller than recommended, because the comparison itself was important (and not the home-range size) we considered our sample size sufficient (Harris et al. 1990 , Seaman and Powell 1996 ) .
We compared seasonal home-range sizes using HOME RANGER software (Hovey 1999 ). Seasonal home ranges of 16females and 5males were analyzed. Each animal had 1 -3years of data collection. We omitted the first 6months after release, when home ranges were not stabilized (Dolev et al. 2002 ) .
To test whether the presence or absence of a fawn had influence on the females' home-range size, we used data from direct observations or video filming of 7females with known maternal status in 1999 ( 3 mothers, 4 barren). Every season was separately tested.
To assess changes in home-range location, we used the CG of the seasonal home ranges. We calculated the distance of each seasonal CG from the release point, which was used as a reference point. Data were collected from 17 females ( 4 -9 seasons of data collection each) and 4 males ( 4 -7 seasons of data collection each). We tested seasonal homerange shifts by calculating the distance between CG of individuals in successive seasons and comparing these values between the different season pairs (e.g., winter-fawning vs. fawning-rut). To assess seasonal dispersal/clustering trends with reference to the release point, we compared the distance of home-range CG from the release point between successive seasons for each animal.
To measure home-range overlap between successive seasons we used the IDRISI (Clark Labs 1999 ) Geographic Information System software.
This software produces a raster map of the surface, projects the home ranges on the map, and then analyzes the amount of overlap between the areas. For each deer, the 2 successive seasonal CA were overlapped, and the percentage of the overlapping area of the second season on the first season area was measured (i.e., if the first season was fully encompassed inside the second season area, a 100%overlap was recorded). We collected data from 17females ( 4 -9seasons of data collection each) and 4 males ( 4 -7 seasons of data collection each). To evaluate CA overlap among males, we collected data for 4males during 1year only (Mar 1999 -Feb 2000 .
We used Bartlett's χ 2 test for homoscedasticity as a variance equality test, and χ 2 for goodness-offit to test normal distribution fit (Sokal and Rohlf 1995 ). Where both tests were nonsignificant, we used parametric tests ( 1 -way analysis of variance [ANOVA], 1 -way ANOVA with repeated measures, 2 -way ANOVA, t -test for independent samples, t -test for dependent samples, and planned comparisons when needed). Where 1of these tests was significant, we used a nonparametric test (Friedman's ANOVA for randomized blocks, Kruskal-Wallis ANOVA by ranks, Wilcoxon matched pairs test, Mann-Whitney U-test, and multiple comparison by STP test). When nonparametric post-hoc comparisons were necessary, we used a Bonferroni adjustment for redefining the significance level: α " = α / k , where α " is the new significance level, α= 0 . 05 , and k is the number of non-orthogonal tests (e.g., for 3 dependent tests: α " = 0 . 05 / 3 = 0 . 0167 ; Sokal and Rohlf 1995 ).
RESULTS
General
After 8releases, 67( 37 M, 30 F) captive-born deer existed in the wild, 34of which ( 7 M, 27 F) were radiomarked. In addition, an unknown number of fawns were born in the wild. We analyzed 5 , 996telemetry locations obtained from March 1997until February 2000 . We calculated 339test triangulations. The error arc measured was 0°± 11 . 3°(mean ± SD), and the triangulation location error was 284 ±237 m (mean ±SD).
Sample Size for Home-range Calculation
In 4 of the 6 animals, we found no difference in home-range size among different numbers of locations. Two animals showed a difference ( P < 0 . 05 ) between 20 and 25 locations to 40 and 45 . Therefore, we applied the limit of ≥30seasonal locations per animal as our sample size lower limit.
Circadian Differences in Home-range Characteristics
We found no differences ( t -test for dependent samples; P 4 = 0 . 22for males, P 15 = 0 . 69for females) between day home ranges (males: 621 ± 220 ha [mean ±SD], n = 5 ; females: 402 ±164 ha, n = 16 ) and night home ranges (males: 482 ±145 ha, females: 389±183ha). The day CA of males was larger than the night CA (Friedman's ANOVA for randomized blocks; P 1 < 0 . 025 ). In females, we found no difference between day and night CA ( P 15 = 0 . 3 ). In both males and females, percent overlap between day and night home ranges was high ( 89 ± 14%[mean ± SD]). In most cases ( 4 of 5males and 10of 16females), the night home ranges were roughly encompassed by the day home ranges, within boundaries of radiotelemetry error. Further results relied on this finding and are based only on daytime locations.
Seasonal Differences in Home-range Size
Home-range variation was different among females ( n = 16 ), but not among males ( n = 5 ). We found a difference in home ranges among seasons for both females and males ( Table 1 ) .
For females, home-range size was larger in the rut compared to the winter ( Table 1 ) . In all seasons, home ranges of females accompanied by fawns ( n = 3 ) were larger than home ranges of barren females ( n = 4 ; Table 2 ).
For males, home-range size in the rut was significantly larger than home range in both fawning and winter ( Table 1 ). Comparing seasonal home-range size between genders, we found that males' home ranges were larger than females' only during the rut ( Table 1 ) .
Seasonal Differences in Home-range Location
Among females with at least 3years in the wild ( n = 10 ), we found a difference in the distance of the CG from the release point ( t -test for independent samples; P 8 = 0 . 002 ). Four females never changed their home-range location after it was stabilized ( 0 . 9±0 . 1km [mean ±SE]), and 6 females showed a gradual and directional shift in their home range ( 2 . 3 ±0 . 3 km), dispersing away from the release point. The second group of females was significantly younger at the time of release ( t -test for independent samples; P 8 = 0 . 02 ) than the first group ( 3 . 67±2 . 25yr [mean ±SD] vs. 7 . 75±2 . 06yr, respectively). We found no evident directional shifts in male home ranges.
In females, distance between winter to fawning CG was significantly smaller than the distance between fawning to rut CG, and rut to winter CG ( Table 3 ). Males showed no significant difference in the seasonal distance of CG (Table 3 ) .
Female home-range CG shifts were greater from fawning to rut ( 369±94m [mean ±SE]), compared with winter to fawning shift ( 40 ± 34 m; Wilcoxon matched pairs test; P <0 . 001 ), but not significant compared with rut to winter shift (-31 ± 110m; P = 0 . 068 ). Males showed the opposite trend. In CG shifts from fawning to rut, males showed a negative trend of dispersal (i.e., their CG was closer to the release point than the CG in the former season; -233 ±144 m [mean ±SE]), a trend significantly different from that shown in the other seasons ( 1 -way ANOVA and planned comparisons; P 1 , 9 = 0 . 015 ).
Spatial Overlap between Seasonal Core Areas
For females, CA overlap between winter and fawning was significantly higher than in other seasons ( Table 4 ). For males, CA overlap between fawning and rut was lower (and the variance was smaller) than the overlap between the other seasons, but not significant (Table 4 ) . However, only 4 males were tested, so the nonsignificant result may be due to lack of statistical power. Among males, overlap of CA in each season was noticeable only during rut ( 18 . 9 ±9 . 5%[mean ±SE]; Friedman's ANOVA for randomized blocks; P 2 < 0 . 005 ). Overlapof CA during other seasons was negligible ( 0 . 06%overlap in fawning and 1 . 8%in winter).
DISCUSSION
The interaction between water and energy demands, reproductive status, and resource availability varies over time and space, and dictates much of the seasonal and circadian home-range dynamics of deer (Putman 1988 ). In hot, dry summers and cool, wet winters of the Mediterranean region, the home ranges of large herbivores are expected to be the greatest in autumn, when resources are most limited (before winter green-up) and when the rut takes place (for food availability study see Dolev 1999 ). Our current work suggests that distinctive seasonal differences exist in home-range size and location of Persian fallow deer that are in agreement with the differences expected in behavior of a cervid of this size under the given climatic regime. As in other deer species (Hayes and Krausman 1993 ), circadian characteristics of home-range location and size revealed that diurnal and nocturnal home ranges are similar, and that relying on daytime locations alone reliably represents Persian fallow deer home ranges. The females' home ranges were smallest in the winter when food is plentiful. In fawning, the females' home ranges mildly increased, possibly to account for the growing needs of the lactating mother but tempered by the abundance of food typical of that time of year (spring). In rut, the females' home-range sizes were the largest, reflecting the decrease in the availability of food (mid-summer to autumn), together with the increasing energetic needs of the mother and the growing fawn, and possibly also reflecting the tendency of females to search for the mating partners. We also found that the home ranges of lactating females were larger than the home ranges of barren females, in all seasons, reflecting the higher nutritional needs of lactating females. Male home ranges were the smallest in fawning season, the time of antler casting and regrowth. This phenomenon is familiar from other deer species (Putman 1988 ).
Our findings that younger females tended to have nonstable home ranges are complementary to previous studies on European fallow deer (Nugent 1994 ). Adult females of European fallow deer tended to be stationary and did not change their home-range locations between seasons or years. Conversely, some adolescents had a gradual shift of home ranges and a gradual expansion in seasons and years (Nugent 1994 ). A previous study of Persian fallow deer (Dolev et al. 2002 ) found that young females disperse faster from the release point than adult females.
Many generations of captive breeding and low genetic variance of the captive-bred Persian fallow deer population (Saltz 1996 ) have raised concerns regarding the ability of the reintroduced population to adjust to living in the wild. Our study was based on a radiomarked sample that represented 90%of released female ( 27 / 30 ) and 19%of released male ( 7 / 37 ) Persian fallow deer.
In polygamous species, females are considered more important for the growth of the herd, and thus were given more attention. The extensive data collected on almost all females, the fact that population growth fits Saltz's ( 1996 ) expected curve (according to Bar-David 2002 ) , combined with direct observational data (Dolev 1999 , BarDavid 2002 ) and videotaping (Perelberg 2000 ), all support our findings regarding the adaptation of these deer to the wild. We conclude that although little is known about the ability of reintroduced species to acquire behavioral characteristics typical of wild populations, our results indicate that the Persian fallow deer population shows home-range ecology patterns that are in accordance with those expected from the annual breeding cycle and seasonal conditions, and correspond to the behavior of other deer as described in the literature. Furthermore, because home-range dynamics (e.g., size, location, stability, seasonal shift, seasonal overlap) reflect an animal's ability to adapt to a novel environment and changes within it, we suggest that it can be used as a short-term indicator of reintroduction success. Such findings may help improve future reintroduction protocol.
MANAGEMENT IMPLICATIONS
We found that a tendency exists for older females to remain relatively stationary in comparison to younger ones. Consequently, we recommend that in future releases in other sites, the first groups should consist of older females that will establish a core population in proximity to the release site. After the first group is established, younger females can be released to expand the population boundary ranges.
We found that adult males tended to maintain territoriality throughout the year, as indicated from the very low overlap between core areas. Younger males do not present an immediate threat to the adults males' status, and thus their gradual integration in the herd hierarchy should be more natural than when an adult male is released. Therefore, we recommend preferring the release of young males over adult males.
Concerning all aspects, the reintroduced Persian fallow deer apparently have adjusted well to living in the wild. Our results, combined with previous works (Dolev 1999 , Perelberg 2000 , Dolev et al. 2002 , Bar-David 2002 , suggest that the reintroduction process is successful and that the chances of achieving a self-sustaining wild population are good.
